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(54) Method and system for removing chemical and biological agents from air 



(57) In the removal of chemical and biological 
agents from air, the air Is passed through a pressure 
swing adsorber Including a layer mesoporous carbon 



(20) and then a 1 3X Zeolite 21 . The mesoporous carbon 
filter (20) removes higher boiling point agents and the 
13X Zeolite (21) removes lower boiling point agents. 
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Description 

[0001] The Invention relates to the removal of chem- 
ical and biological agents from air and in particular to 
such removal from air for breathing by humans. 
[0002] The removal of chemical and biological agents 
from air for breathing by humans has long been a prob- 
lem. GB-A-2238490 contains a discussion of previously 
known methods and systems for such removal. GB-A- 
2238490 proposes a system for the removal of such 
agents including compressing the air, purifying the com- 
pressed air in a pressure swing adsorber and filtering 
the compressed air through a filter intercepting particu- 
lates. 

[0003] Such systems have been successful in remov- 
ing a wide variety of chemical and biological agents. The 
invention seeks to provide an improved system of this 
general type. 

[0004] According to a first aspect of the invention, 
there is provided a method of removing chemical and 
biological agents from air for breathing by humans com- 
prising removing higher boiling point agents from the air 
and then passing the air through an adsorbent in a pres- 
sure swing adsorber to remove lower boiling point 
agents and water vapour. 

[0005] According to a second aspect of the invention, 
there is provided a system for removing chemical and 
biological agents from air for breathing by humans com- 
prising means for removing higher boiling point agents 
from the air and a pressure swing adsorber for receiving 
air from the removing means and including an adsorbent 
for removing lower boiling point agents and water va- 
pour from the air. 

[0006] The following is a more detailed description of 
an embodiment of the invention, by way of example, ref- 
erence being made to the accompanying drawings in 
which: - 

Figure 1 is a schematic representation of a system 
for removing chemical and biological agents from 
air for breathing by humans, 

Figure 2 is a plan view from above of a combined 
coalescer and filter incorporated in the filter of Fig- 
ure 1 and, 

Figure 3 is a section on the line A -A of Figure 2. 

[0007] Referring to the drawing, the system compris- 
es a compressed air inlet 1 0 that leads from a source of 
compressed air 1 0a. This source 1 0a may, for example, 
be a dedicated turbine or may be an airbleed in the case 
where, for example, the apparatus is used in an aircraft 
or other system having a power source producing com- 
pressed air. 

[0008] In this latter case, the pressure of the inlet air 
may need to be controlled to make it compatible with the 
requirements of the system. 



[0009] The air inlet 1 0 leads to a combined coalescer 
and filter 11 . The combined coalescer and filter 1 1 is best 
seen in Figures 2 and 3. Refen-ing to those Figures, the 
combined coalescer and filter 11 comprises a bowl 30 

5 closed at its upper end by a combined inlet/outlet 31 . A 
liquid drain 12 is provided at the lower end of the bowl 
30. These parts may, for example, be made of metal. 
The combined inlet/outlet 31 includes a central vertical 
outlet passage 32 sun-ounded by a vertical wall 33 hav- 

10 ing an initial generally straight portion 34 leading from 
an inlet 35 that is tangential to the succeeding semi-cy- 
lindrical portion of the wall 36. The wall then temninates 
in a further generally straight portion 37. 
[0010] The bowl 30 encases a coalescer 38 and an 

15 HEPA filter 39. The coalescer 38 is an annular pleated 
element with an incorporated lint-like layer. The HEPA 
filter 39 is located within the core of the coalescer 38 co- 
axially therewith and may, for example, be fomried by a 
pleated glass fibre material having a rating of, for exam- 

20 pie, 0.2 microns. The outlet passage 32 extends from 
the centre of the HEPA filter 39. 
[0011] It will be appreciated that the coalescer 38 and 
the HEPA filter 39 are of conventional design and will 
not, therefore, be described In further detail. 

25 [0012] The outlet passage 32 of the filter 11 connects 
with first and second inlet branches 14a, 14b, each con- 
trolled by respective first and second inlet valves 15a, 
15b. The first and second inlet branches 14a,14b lead 
to respective first and second pressure swing adsori3ers 

30 1 6a.1 6b. The first and second pressure swing adsorb- 
ers 16a,16b are preferably identical so only the first 
pressure swing adsorber 1 6a will be described; it being 
understood that the second pressure swing adsori^er 
16b Is preferably similarly constmcted. 

35 [0013] The first pressure swing adsortaer 16a com- 
prises a housing 17a having an inlet 18a connected to 
the associated branch 14a and an outlet 19a. Adjacent 
the outlet 1 9a Is a layer of mesopo rous cariDon 20a. Pref- 
erably, this is the mesoporous carbon 20a sold under 

40 the trade name BAX 1 1 GO. although other mesoporous 
carbons may be used. 

[0014] In this specification, the tenn "mesoporous 
carbon" refers to porous carbon material in which the 
pores have an average diameter of between 20A and 
45 500A. It will be appreciated that this does not exclude 
some of the carbon being microporous or macroporous 
but requires simply that, considered overall, the cartoon 
is broadly mesoporous. 

[0015] After the layer of mesoporous carbon 20a, 
50 there is a layer 21a of 13X Zeolite, although other ad- 
sorbents may be used. The adsortjent material Is in the 
form of beads or pellets which may be bonded to one 
another by a polymeric binding agent, such as polyeth- 
ylene. The construction and operation of such adsorb- 
55 ents is described In more detail In, for example, GB-B- 
2238490 and so will not be described here In detail. 
[0016] The first outlet 19a from the first pressure 
swing adsorber 1 6a and the second outlet 1 9b from the 
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swing adsorber 16 is to provide sustained protection 
against the NBC agent since, if the water content of the 
pressure swing adsorber 1 6 continues to increase, it will 
become saturated with water vapour and will lose Its ca- 
pacity for adsorbing agents and simulants which will 
then begin to pass into the outlet gas. The results ob- 
tained by weighing correlated with the observation that 
the dewpoint of the outlet air remained low {<-50**C) 
throughout all the tests. 

[0036] During the tests, the pressure swing adsorber 
16 was periodically purged using unpressurized air as 
described above. The test showed that the pressure 
swing adsorber 16 desorbed the bulk of the retained 
NBC agents during nomial operation. The results dem- 
onstrated that the adsortDer could be operated In the 
pressure swing adsorption mode for extended periods 
of time without compromising the working capacity of 
the adsorber 16. Thus, the ability of the pressure swing 
adsorber 1 6 to defeat challenge with agents and simu- 
lants over sustained periods of operation did not depend 
on the use of the themial clean-up cycle. 
[0037] The test also included a clean-up cycle using 
heated air at a temperature of about 180**. The test 
showed that this clean-up cycle removed contaminants 
that were not desorbed during the cycling of the pres- 
sure swing adsoriser 16. On the basis of the sustained 
challenges to which the pressure swing adsorber 16 
was exposed, and an analysis of the results of the clean- 
up cycle, the tests assessed the regeneration of the 
pressure swing adsorber 16 as resulting in the restora- 
tion of the adsorption capacity to at least 98% of its initial 
value. This small reduction in capacity, which was diffi- 
cult to quantify accurately, was thought to be due to the 
presence of a small percentage of microporosity in the 
mesoporous carbon 20, which traps higher boiling point 
components. This small reduction has no impact on the 
perfonnance of the pressure swing adsortDer 16 so that 
the working capacity of the adsorber 1 6 is unaffected. 
[0038] These tests demonstrate that the system de- 
scribed above with reference to the drawings offers the 
capability to provide broad band protection against a 
range of NBC hazards under worldwide conditions of 
meteorology. It also has the ability to protect against the 
threat from toxic Industrial chemicals and battlefield con- 
taminants. 

[0039] As described above, the apparatus includes 

two pressure swing adsori3ers 16a, 16b, each having 
two layers, a layer of mesoporous carbon 20a,20b and 
a layer of 13X Zeolite molecular sieve 21a,21b. The 
mesoporous carbon layers 20a.20b adsorb higher boil- 
ing point NBC agents while the 1 3X Zeolite 21 a,21 b ad- 
sorbs the lower boiling point agents. It will be appreci- 
ated, however, that the mesoporous carbon 20a,20b 
could be separate from the 13X Zeolite 21a,21b and be 
subjected to a separate purge. In addition, the higher 
boiling point NBC agents could be removed by a mate- 
rial other than mesoporous cariDon and the lower boiling 
point agents could be removed by a material other than 



13X Zeolite, although tests so far have shown mesopo- 
rous carbon and 1 3X Zeolite to be the most efficient ma- 
terials for these purposes. 

[0040] It will be appreciated that, while the system de- 
s scribed above with reference to the drawings has two 
pressure swing adsorbers 21 a, 21b, there may be more 
than two such adsori^ers. For example, there may be 
three such adsorbers or, for larger applications any mul- 
tiple of two or three adsorbers. 

10 

Claims 

1. A method of removing chemical and biological 
15 agents from airforbreathing by humans comprising 

removing higher boiling point agents from the air 
and then passing the air through an adsorbent in a 
pressure swing adsorber (1 6a, 1 6b) to remove lower 
boiling point agents and water vapour. 

20 

2. A method according to claim 1 wherein the higher 
boiling point agents are removed by passing the air 
through a carbon filter (20a,20b). 

25 3. A method according to claim 2 wherein the carbon 
of the cariDon filter (20a,20b) is mesoporous cariaon. 

4. A method according to any one of claims 1 to 3 
wherein the pressure swing adsortDer (16a,16b) in- 

30 eludes a 13X Zeolite. 

5. A method according to claim 2 or claim 3, wherein 
the carbon filter (20a,20b) fomis a first layer of the 
pressure swing adsorber (16a, 16b), the adsorbent 

35 {21a,21b) of the pressure swing adsorber fonning 
a second layer. 

6. A method according to any one of claims 1 to 5 and 
including periodically performing a temperature 

40 sweep of the pressure swing adsorber (1 6a,1 6b) to 
desoriD matter held by the pressure swing adsoriser 
(1 6a,1 6b) and pass the matter to waste. 

7. A method according to any one of claims 1 to 6 and 
45 comprising filtering the air priortothe removal of the 

higher boiling point agents to remove particulates. 

8. A method according to any one of claims 1 to 7 and 
comprising removing liquid aerosols prior to the re- 

50 moval of the higher boiling point agents. 

9. A method according to any one of claims 1 to 8 
wherein first and second pressure swing adsorbers 
(16a,16b) are provided connected in parallel, the 

55 pressure swing adsori^ers (16a,16b) being cycled 
so that the first pressure swing adsoriser (16a) is 
adsortDing while the second pressure swing adsoris- 
er (1 6b) is being purged and vice versa. 
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10. A method according to claim 9 wherein the cycle 
time is less than 1 0 seconds, preferably 8 seconds. 

11. A system for removing chemical and biological 
agents from air for breathing by humans comprising 
means (20a, 20b) for removing higher boiling point 
agents from the air, and a pressure swing adsorber 
(1 6a,1 6b) for receiving airfrom the removing means 
and including an absorbent (21a,21b) for removing 
lower boiling point agents and water vapour from 
the air. 



control means (31) being provided for cycling the 
first mentioned and the second removing means 
(20a,20b) and the first mentioned and the second 
pressure swing adsorber (1 6a,1 6b) so that the first- 

5 mentioned removing means (20a) and the first- 
mentioned pressure swing adsorber (16a) remove 
agents from air while the second removing means 
(20b) and the second pressure swing adsorber 
(1 6b) receive purge air to regenerate the second re- 

10 moving means (20b) and the second pressure 
swing adsorber (16b) and vice versa. 



12. A system according to claim 11 wherein the means 
for removing higher boiling point agents comprises 
a carbon filter (20a.20b). 

13. A system according to claim 12 wherein the carbon 
filter is a mesoporous carbon filter (20a,20b). 



21 . A system according to claim 20 wherein the control 
system controls the cycle time to less than 1 0 sec- 
15 onds, preferably 8 seconds. 



14. A system according to any one of claims 11 to 13 20 
wherein the adsorbent of the pressure swing ad- 
sorber (16a,16b) includes a 13X molecular sieve 
(21a,21b). 



15. A system according to any one of claims 11 to 14 25 
where dependent on claim 12 wherein the carbon 
filter (20a,20b) forms a first layer of the pressure 
swing adsorber (1 6a,1 6b), the adsorbent (21 a,21 b) 
of the pressure swing adsorber forming a second 
layer. 



16. A system according to any one of claims 11 to 15 
and including means for supplying heated air to the 
adsorber to perfonm a temperature sweep of the 
pressure swing adsorber (1 6a,1 6b) to desorb mat- 35 
ter held by the pressure swing adsorber (16a,16b) 
and pass the matter to waste. 



17. A system according to any one of claims 11 to 16 
and including means (11) for filtering the air to re- 40 
move particulates, said means being arranged be- 
fore the pressure swing adsorber (16a,16b) in the 
direction of flow of the air. 



18. A system according to any one of claims 11 to 17 
and including means (11) for removing liquid aero- 
sols, said means (11) being arranged before the 
pressure swing adsorber (16a,16b) in the direction 
of flow of the air. 

50 

19. A system according to claim 17 or to claim 18 when 
dependent on claim 1 7 wherein the means for filter- 
ing the air and the means for removing liquid aero- 
sols are fomned by a single HEPA filter (11). 

55 

20. A system according to any one of claims 11 to 19 
wherein a second removing means (20b) and a sec- 
ond pressure swing adsorber (16b) are provided, 
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